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NATIONAL mRONAUTICS AND SPACE ADMINISTRATION 

TECHNICAL NOTE D-370 

HELICOPTER-ENGINE ACCEIXRATION -TIME REQUIREMENTS 

BASED ON PILOT DEMAND DURING RECOVERY 

FROM LANDING FWOUTS 

By Andrew B. Connor 

SUMMARY 

To provide information on response requirements of hel icopter  
engines, f l i g h t  measurements a re  presented showing the  times used by 
p i l o t s  t o  accelerate an engine from low t o  f u l l  power i n  a maneuver 
considered t o  &e thz greatest deznc? 911 er@ne-response t i m e .  The 
r e s u l t s  show t h a t  p i l o t s  used from 3.0 t o  5.1 seconds i n  a l ightweight 
hel icopter  and 3.0  t o  7.6 seconds i n  a mediumweight hel icopter .  

INTRODUCTION 

Same types of turbirie eiigiiies &-e l r n c x ~  t o  accelerate from low t o  
f u l l  power a t  a much slower rate than reciprocating engines. I n  con- 
s ider ing the appl icat ion of turbine engines t o  hel icopters ,  inqui r ies  
have a r i s en  as t o  whether their acceleration rates could impose some 
operating limits on the hel icopter .  

F l igh t  tests were conducted at the  Langley Research Center t o  gain 
some ins ight  i n t o  whether engine-acceleration capabi l i ty  might opera- 
t i ona l ly  l i m i t  a helicopter.  Also, a VGH survey of a hel icopter  p i l o t -  
t ra in ing  operation was analyzed i n  t h i s  connection. The NASA (formerly 
NACA) VGH recorder furnishes time h i s to r i e s  of airspeed, center-of - 
gravi ty  normal acceleration, and a l t i t ude .  The r e s u l t s  of the tests and 
survey analysis are presented t o  show the extent  t o  which the  p i l o t s  
make use of engine accelerat ion f rom l o w  t o  f u l l  power under maneuver 
conditions.  The recovery from a f lareout  following an autorotat ive o r  
low-power descent i s  the most c r i t i c a l  maneuver from the  standpoint of 
engine response. Therefore, the  resu l t s  presented are f o r  this 
maneuver only. 
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TEST HELICOPTERS AND PROCEWRE 

The hel icopter  shown i n  f igu re  1 has a normal gross weight of 
approximately 2,300 pounds. 
and, addi t ional ly ,  an instantaneous rate-of -climb m e t e r .  The he l i -  
copter shown i n  f igu re  2 has a normal gross weight of approximately 
6,700 pounds. 
instruments equipped with synchronized timers. The mi l i t a ry  p i l o t -  
t ra ining hel icopter  from which the VGH survey data  were obtained i s  s i m -  
i lar  to the  hel icopter  i n  f igure  1. 

It has the usual instrument panel display 

This hel icopter  w a s  f u l l y  instrumented with NASA recording 

The maneuver used i n  the tests w a s  the  recovery following a f l a r e o u t  
from a low power o r  autorotat ive descent. 
the grea tes t  demand f o r  rap id  engine response is  i n  the execution of t h i s  
maneuver. Primarily, measurements were taken of the t i m e  t h a t  the p i l o t s  
used to  acce lera te  the engine i n  executing the  recovery; secondarily, the 
f l i g h t  conditions under which the  maneuver w a s  executed were noted. 

I n  the opinion of NASA p i l o t s  
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I n  the  NASA f l i g h t  t es t  with the l ightweight hel icopter  shown i n  z 
f igure  1, an obfjerver recorded the f l i g h t  conditions of the maneuver and 
timed the p i l o t ' s  control  of the engine during recovery. I n  the medium- 
weight hel icopter ,  t i m e  h i s t o r i e s  of the f l i g h t  conditions and the p i l o t ' s  
engine-control s e t t i ngs  were obtained by recording instrumentation. These 
t i m e  h i s to r i e s  provided cha rac t e r i s t i c  curves of the f l i g h t - t e s t  maneuver 
and f a c i l i t a t e d  the analysis  of the VGH survey records of the military 
t ra in ing  operations.  

L 

RESULTS 

Engine-Acceleration Times i n  the Lightweight Helicopter 

The f l i g h t - t e s t  r e s u l t s  obtained with the  lightweight hel icopter  
shown in  f igu re  1 are presented i n  t ab le  I. The table lists the condi- 
t i ons  pr ior  t o  the maneuver with each measurement of t he  t i m e  i n t e rva l  
used by the p i l o t  t o  accelerate  the engine. One f ac to r  t h a t  w a s  no t  
measured w a s  height above ground a t  which the f l a r eou t  w a s  i n i t i a t e d .  
However, i n  a l l  cases the height appeared t o  be such that, upon termina- 
t i o n  of the  f la reout ,  recovery w a s  executed i n  the  ground-effect region. 
As shown i n  table I, the  engine-acceleration t i m e s  used by the  p i l o t  
ranged from 3.0 t o  5.1 seconds. 

Four quick-s top maneuvers w e r e  a l s o  executed because they require  
a f lareout  and recovery s i m i l a r  t o  that i n  autorotat ions.  
quick-stop maneuver the engine i s  not disengaged from the r o t o r  as i n  

However, i n  a 
0 

c 
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autorotat ions,  and the required increase i n  power i s  less. 
these maneuvers the p i l o t  used from 3 . 1 t o  4.8 seconds t o  a t t a i n  f u l l  
power. 

Even i n  

Four autorotat ions t o  landing were timed t o  determine whether 
sinking t i m e s  from i n i t i a t i o n  of recovery t o  touchdown were compatible 
with the engine-acceleration times. The sinking times ranged from 2 . 3  
t o  4.5 seconds. 

Engine -Acceleration Times  i n  the Mediumweight Helicopter 

Table I1 l i s t s  the r e s u l t s  obtained from the f l i g h t  tes t  with the  
f u l l y  instrumented hel icopter  shown i n  f i gu re  2. 
terminated i n  hovering, and the conditions p r i o r  t o  each approach are 
l i s t e d  with the timed r e su l t s .  The time that the  p i l o t  used t o  cont ro l  
the engine during the recovery w a s  measured from the col lect ive-pi tch-  
control  and manifold-pressure records. The manifold-pressure record 
ind ica tes  h ~ v  imch tixe Y E S  used by the p i l o t  t o  take  the  engine t o  
f u l l  power. The 
col lect ive-pi tch control,  being linked d i r e c t l y  t o  the t h r o t t l e ,  a l s o  
indicated when the p i l o t  judged he had s u f f i c i e n t  power. During the  
recovery the hel icopter  experiences a pos i t i ve  normal accelerat ion and 
a s l i g h t  loss i n  ro to r  ro t a t iona l  speed. The r o t o r  tachometer and 
normal-accelerometer recmds, therefore, ind ica te  the maneuver simul- 
taneously with the collective-pitch-control and manifold-pressure 
records. Tyyical t h e  h i s t c r i e s  from these records are shown i n  f i g -  
ure 3 .  Also shown are t i m e  h i s to r i e s  from the airspeed and longi tudinal-  
cyclic-control records, which help t o  def ine the maneuver. The t i m e  
h i s t o r i e s  of longi tudinal  cyc l ic  control and co l lec t ive-p i tch  control  
show that  the  p i l o t  makes gradual rather than abrupt control  motions. 

A l l  the  approaches 

The t i m e s  recorded ranged from 3.0 t o  7.6 seconds. 

FieldSurvey Results 

The VGH survey of the mi l i t a ry  p i lo t - t r a in ing  program, which w a s  
f i rs t  reported i n  reference 1, w a s  analyzed f o r  au toro ta t iona l  
approaches and recoveries from f lareout .  This analysis  w a s  undertaken 
t o  provide a comparison of p i l o t  demand t i m e  f o r  the same type of flare- 
out maneuver i n  mi l i t a ry  p i lo t - t ra in ing  operations and i n  tests made by 
NASA research p i l o t s .  
and the  measured t i m e s  indicate  the in t e rva l  ava i lab le  f o r  engine acceler-  
a t ion .  The r e s u l t s  w i t h  conditions p r i o r  t o  the recovery are presented 
i n  table 111. These times ranged from 2.5 t o  10 seconds. Only three  of 
the recoveries were timed a t  2.5 seconds and a l l  three were accompanied 
by a higher than normal landing acceleration increment. 
touchdown accelerat ion accompanying a normal landing i n  excess of a 
0.5g increment. 

A l l  the recoveries analyzed were t o  touchdown, 

Rarely i s  the 
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DISCUSSION 

The f l i g h t  t e s t s  showed t h a t  the time i n t e r v a l  during which the 
p i l o t s  w i l l  demand f u l l  accelerat ion from the engine has a minimum 
value. This minimum time i s  based on dynamic consideration of the 
helicopter.  
would r e s u l t  i n  a hard landing, the experienced p i l o t  would not  
abruptly apply f u l l  power. I n  the opinion of NASA research p i l o t s ,  
the damage caused t o  the hel icopter  by abrupt control l ing and sudden 
power appl icat ion would most l i k e l y  be more ser ious than the damage 
caused by premature impact during normal recovery technique. 

Even i f  a recovery were i n i t i a t e d  a t  some condition that 

The f l i g h t  conditions of the maneuver a re  almost always control-  
l ab l e  by the p i l o t .  
descent, r e l a t i v e  wind d i rec t ion ,  and height above ground a t  which the 
recovery is  i n i t i a t e d .  The p i l o t  is ,  therefore ,  usually able t o  a l l o t  
t i m e  to the recovery according t o  the requirements of the maneuver and 
the charac te r i s t ics  of the hel icopter  and engine. 

These conditions a re  approach speed, r a t e  of 

CONCLUDING REMARKS 

Engine-response time demanded by the  p i l o t  w a s  a function of the 
handling qua l i t i e s  of the hel icopter  and the f l i g h t  conditions p r i o r  t o  
the maneuver. The p i l o t s  used 3.0 t o  5.1 seconds t o  accelerate  the 
engine of a lightweight hel icopter  i n  the recovery t h a t  follows a 
f l a r e o u t ;  they used a 3.0- t o  7.6-second i n t e r v a l  t o  accelerate  the 
engine of a heavier hel icopter  i n  the  same maneuver. 
a mi l i ta ry  hel icopter  p i lo t - t r a in ing  operation showed t h a t  the student 
p i l o t s  normally used more than 3 seconds during the maneuver. 
th ree  cases i n  which the students used less than 3 seconds, the touch- 
downs were accompanied by higher than normal landing accelerat ion 
increments. I n  these p a r t i c u l a r  cases the  student p i l o t s  may have been 
l a t e  i n  i n i t i a t i n g  the f l a r eou t .  
opinion that the damage caused t o  the hel icopter  by abrupt power appl i -  
cat ion a f t e r  an e r r o r  i n  judgment would probably be more ser ious than 
the  damage caused by premature landing impact i f  normal recovery tech- 
nique were used. 

A VGH survey of 

I n  the 

NASA research p i l o t s  were of the 

A turbine engine which takes 3.0 seconds t o  ge t  from l o w  t o  f u l l  
power would be expected t o  have sa t i s f ac to ry  engine-response character-  
ist ics for  lightweight and mediumweight hel icopters .  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  Va . ,  January 25, 1960. 
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Wind 
d i rec t ion  

TABLE I.- FLIGHT-TEST RESULTS FOR A LIGHTWJ3IGHT HELICOPTER 

I n i t i a l  
forward Sinking t i m e ,  Rate of 

descent, veloci ty ,  sec 
ft/min knots 

( a )  Landing f la reout  times 

1 

1,040 45 3 .o 
50 2.3 

Type of 
approach 

t o  hovering 

Aut or  o t  a t  ive 
Aut or0 t a t  ive 
Autorotative 
Autorotative 
Aut orotat  ive  
Quick stop 
Aut orotative 
Autorotative 
Aut orot at ive 
Quick stop 
Quick stop 
Quick s top 

Wind 
d i r e  c t i on 

Headwind 
Headwind 
Headwind 
Headwind 
Headwind 
Headwind 
Tailwind 
Tailwind 
Ta  i l w  i nd 
Tailwind 
Tailwind 
Tailwind 

?ate of 
lescent, 
ft/min 

1,330 
1,330 
1,330 
1,330 
1,330 

1,380 
1,380 
1,330 

I n i t i a l  
forward 

veloci ty  , 
knots 

40 
40 
40 
20 
25 
40 
40 
40 
20 
40 
40 
50 

( b )  Sinking times 

Engine accelerat ion 

sec 
demand time, 

3 -0 
3 -0 
3 *5  
5.1 
3 -7 
3 96 
5 .o 
4 -9 
3.5 
4.8 
3.2 
3 9 1  

Type of 
landing 

Aut orot a t  ive 
t o  touchdown 

Aut orot a t ive 
run-on 2.8 

c 
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TABLE 111.- FLIGHT-TEST RESULTS FOR A LIGHTW!IIGHT HELICOPTER 

FROM FIELD- INSTALLATION SURVEY 

Rate of 
descent, 

ft/min 

900 
1,700 
1,240 
1,540 
1,760 
1,300 
2,000 
1,750 
1,390 
1,710 
1,360 
1,800 
1,470 
1,390 
1,750 
1,470 
1,470 
2,050 
1,840 
1,250 
1,560 
1,610 
1,380 
1,750 
2,060 
2,200 
1,500 
2,060 
2,000 
1,800 
1,220 
1,760 

1,820 
2,080 
1,580 

1,090 

1,040 

2,400 

2,400 

Maximum 
forward 

veloci ty  , 
knots 

59 
61 
52 
56 
59 
47 
39 
43 
39 
52 
52 
31 
30 
46 
56 
48 
48  
35 
52 
48 
48 
42 
52 
48  
43 
43 
50 
48 
47 
56 
35 
56 
56 
47 
48 
56 
43 
39 
52 

Maneuvering 
time , 
se c 

7 -0 
6.5 
5 05 
6-5  
8.0 
5.5 
6 .o 
5 *o 
7 -0 
7.5 
6.0 
5 90 
6.0 
6 -5 
5.0 
6.0 
5.0 
5 -5 
6.5 
4.5 
4 * 5  
4 = 5  

"2.5 
"2.5 
"2.5 
7.5 
7.5 
4.5 
4.5 
4.5 

6.5 
3 -5 
7.5 
6.5 
3-5  
6.0 
6.0 
10 .o 

3 05 

"In these maneuvers landing accelerat ion increments 
exceeded O.5g, the  threshold value for normal landings. 
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Figure 3 . -  Ty-pical time history of the recovery from flareout for the 
mediumweight helicopter. 
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